Background: Research in older adults with subjective cognitive decline (SCD) has mainly focused on Alzheimer's disease (AD)-related MRI markers, such as hippocampal volume. However, small vessel disease (SVD) is currently established as serious comorbidity in dementia and its preliminary stages. It is therefore important to examine SVD markers in addition to AD markers in older adults presenting with SCD. Objective: The aim of our study was to elucidate the role of SVD markers in late middle-aged to older adults with and without SCD in addition to the commonly found role of AD markers (hippocampal volume). Methods: 67 healthy late middle-aged to older adults participated in this study (mean age 68 years); 25 participants with SCD and 42 participants without SCD. We evaluated quantitative as well as qualitative AD markers (i.e., hippocampal volume and medial temporal lobe atrophy (MTA) scale) and SVD markers (i.e., white matter hyperintensities (WMH) volume, Fazekas scale, microbleeds, and lacunar infarcts), and neuropsychological function and amount of memory complaints. Results: We found a significant effect of SCD on hippocampal atrophy, as assessed using the MTA scale, but not on hippocampal volume. In addition, we found a significant effect of SCD, and amount of memory complaints, on WMH volume and Fazekas score, suggesting larger WMH volumes in participants with SCD. Conclusion: SVD MRI markers are related to amount of memory complaints, in addition to the commonly observed AD MRI markers, as demonstrated by the greater WMHs in healthy late middle-aged to older adults with SCD.
INTRODUCTION
Alzheimer's disease (AD) is characterized by a long preclinical phase in which neuropathological * Correspondence to: Jessica S. Damoiseaux, PhD, Department of Psychology, Institute of Gerontology, Wayne State University, 87 East Ferry St., Detroit, MI 48202, USA. Tel.:+1 313 664 2642; E-mail: damoiseaux@wayne.edu. changes in the brain build up without apparent signs or symptoms of the disease [1, 2] . Subjective cognitive decline (SCD, also known as subjective memory complaints, subjective cognitive impairment, or subjective memory impairment) is common in older adults, and refers to a subjective decline in levels of cognitive functioning, which cannot be confirmed by neuropsychological evaluation [3] . Longitudinal population-based studies have reported an association between SCD and future cognitive decline [4] and dementia [5] . Moreover, neuroimaging studies have shown brain changes in participants with SCD are similar to those observed in AD patients [6] [7] [8] [9] [10] [11] . The existing literature indicates that ADrelated changes, including hippocampal volume loss, already occur in older adults with SCD before cognitive decline becomes evident [6, 9] . Therefore, SCD may be a marker of the preclinical phase of AD. Alternatively, cognitive complaints may be caused by other factors such as depression, anxiety, and quality of life [12] [13] [14] [15] . Regardless, detection of an early phase of AD would be advantageous as it would allow for the study of disease progression. Early detection would also widen the therapeutic window, allowing for treatment earlier in the disease process.
AD is the most common form of dementia, and therefore the most common cause of mild cognitive impairment (MCI) and possibly SCD [16, 17] . Given this, it is unsurprising that neuroimaging research in older adults with SCD has mainly focused on ADrelated MRI markers, such as hippocampal volume. However, vascular damage is currently established as a serious comorbidity in dementia and its early stages, and as having an independent effect on cognition [18] [19] [20] [21] . In fact, among memory clinic patients the diagnosis of mixed dementia, which is a combination of AD and vascular dementia, is very common [22] . Even individuals in presumed early stages of AD (SCD and MCI) [6] [7] [8] [9] [10] [11] 23 ] might already show abnormal vascular differences [24] . Cerebral small vessel disease (SVD), which is considered the most common cause of vascular cognitive impairment and vascular dementia, is characterized by both ischemic and hemorrhagic lesions, such as white matter hyperintensities (WMHs), lacunar infarcts, and microbleeds [25, 26] . It is therefore possible that in addition to AD markers, SVD markers may also be present in older adults experiencing SCD.
Currently, very few studies have examined the role of SVD imaging markers, such as white matter hyperintensities (WMHs) and microbleeds, in older adults with SCD. The results of a longitudinal study by Benedictus and colleagues (2015) suggest an important role of WMHs in SCD, as half of the participants with SCD in their sample showed signs of SVD [27] . Microbleeds are also a relatively common finding in memory clinic patients with a prevalence of 17% in all patients and a prevalence of 10% in older adults with SCD [28] . However, the amount of cognitive complaints reported by these individuals was not taken into account in these studies. Given that a majority of older adults do report some level of cognitive complaints, even if they are not yet concerned about them, additional information may be provided by examining cognitive complaints in a continuous manner as well as making comparisons between older adults with and without SCD.
The aim of our study was to elucidate the role of SVD in late middle-aged to older adults with and without SCD in addition to the commonly found role of AD (hippocampal atrophy). Therefore, we investigated the association of AD and SVD MRI markers with the presence of SCD, as well as with the amount of memory complaints reported by all individuals. We used hippocampal atrophy as an AD MRI marker [29] . Because previous research shows opposing results considering the most sensitive method to detect early decline in hippocampal integrity [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] , we assessed both quantitative (i.e., automated volumetry) and qualitative (i.e., a visual rating scale [40] ) measures of hippocampal atrophy. This approach enabled us to compare our research findings across studies using either one of these techniques. For SVD markers we used WMHs, also assessed quantitatively (i.e., volume measurements) and qualitatively (i.e., visually rated using the Fazekas scale [41] ), microbleeds and lacunar infarcts [27] . Based on the literature, we expected to find associations between markers for AD and SVD and the presence of SCD and the amount of reported memory complaints. More specifically, we expected that individuals with SCD and those who reported more memory complaints would be more likely to have AD and SVD markers than those without SCD and those who reported fewer memory complaints.
MATERIALS AND METHODS

Participants
A total of 67 healthy late middle-aged to older adults participated in this study, mean age 68 years (range 45-85 years, 24 male/43 female). Of these participants, 25 were classified as experiencing SCD (mean age 68 years; range 45-84 years; 7 male/18 female), and 42 were classified as not experiencing SCD (mean age 68 years; range 50-85 years, 17 male/25 female). Data were collected in two locations (Detroit, MI, United States of America, and Leiden, Netherlands) from participants recruited in memory clinics and communities surrounding both cities using the same inclusion criteria. Only participants who were capable of giving informed consent and had a Mini-Mental State Examination (MMSE) score ≥25, which is considered within the cognitively normal range, were selected for inclusion [42] [43] [44] . Participants were categorized as those with or without SCD based on the self-reported experience of a worrisome decline in memory that brought the participant to seek advice from a medical professional. Such participants from the memory clinic were diagnosed as having SCD. Participants recruited from the community were specifically asked before inclusion if they had experienced a worrisome decline in their memory. They were considered for our SCD group if they answered "yes" to the following three questions: "Do you have memory complaints? If yes, do these complaints worry you?" and "Have you seen a medical professional for your memory complaints?" Because previous research suggests that an increased risk for dementia is restricted to individuals who are worried about the presence of SCD [45] , we only included participants who felt their perceived change in memory was concerning. Participants with SCD were recruited from memory clinic (15 participants) and community settings (10 participants) to increase recruitment success, particularly at the US location where recruitment of eligible participants through memory clinics was low. All participants experiencing SCD sought advice from a medical professional prior to participation and were informed that their objective cognitive functioning was typical for their age. Furthermore, all SCD participants performed in the cognitively normal range as determined by either clinical assessment or performance on Wechsler Memory Scale VI indices of no less than 1.5 standard deviations below the normative mean. All individuals who were interested in participating were screened and excluded for current use of psychotropic medications, uncontrolled medical conditions, or presence of MRI contra-indications. Additional exclusion criteria included a history of neurological disorders, psychiatric disorders (including major depression), brain injury, and treatment of cancer using radiation or chemotherapy. This study was approved by the local institutional review boards, and in all cases, informed consent was obtained according to the declaration of Helsinki [46] .
MRI
Image acquisition
T1-w, T2-w, T 2 * -w, and FLAIR images were acquired solely for research purposes from all 
Image analysis
We used both a quantitative and qualitative measure of hippocampal atrophy as MRI markers for AD-related pathology, i.e., calculated as volume (cm 3 ) and visually rated using the medial temporal lobe atrophy (MTA) scale [40] .
Hippocampal volume was calculated using FIRST. The FIRST algorithm estimated left and right hippocampal volumes separately. FIRST is part of FMRIB's Software Library (FSL) and performs both registration and segmentation of subcortical regions [47] . During registration, input data (3D T1 images) are transformed to MNI (Montreal Neurological Institute) 152 standard space by affine transformation based on 12 degrees of freedom (three translations, three rotations, three skews, and scaling along three axes). After subcortical registration, sub-cortical mask application locates the different subcortical structures, followed by segmentation based on shape models and voxel intensities. Absolute volumes of subcortical structures are then calculated, accounting for first stage transformations [47] . Finally, boundary correction determines which boundary voxels belong to the structure. In this study, a Z-value of 3 was used, corresponding to a 99.998% certainty in voxel classification. After registration and segmentation of all images, subcortical regions were visually checked for registration and segmentation errors. None were found. The output hippocampal volume uncorrected for intracranial volume was used for analysis.
The MTA scale for medial temporal lobe atrophy is a commonly used clinical measure [37, 40] . Medial temporal lobe atrophy was scored by two independent raters (SvR and JvdG) who were blinded to participant group, on the coronal T1-weighted images at the level of the anterior pons, according to the procedures outlined by Scheltens and colleagues (1995) . See Fig. 1 for representative examples of MTA scores in our sample.
SVD MRI markers were subdivided into two categories: ischemic, which included WMHs and lacunar infarcts; and hemorrhagic, which included intracerebral hemorrhages (ICHs) and microbleeds (MBs) [25] .
We assessed WMHs both quantitatively and qualitatively, i.e., calculated as volume (ml) and visually rated using the Fazekas scale [41] . WMH volume was automatically quantified by using an adapted version of a previously validated method [48] . In the first step the 3D T1-weighted image was skull stripped using BET and non-linear registered to standard MNI 152 space using the FMRIB's tool for small-displacement non-linear registration FNIRT [49] . Next after co-registration of the FLAIR image to the 3D T1-image using FMRIB's Linear Image Registration Tool [50] , the warpfield from the first step was applied to register the FLAIR image to MNI 152 standard space. Subsequently the FLAIR image was masked with a conservative MNI 152 white matter mask. A threshold of 2 standard deviations above the mean FLAIR signal intensity was used to automatically identify WMHs. For this purpose, mean FLAIR signal was obtained from the cerebral periphery to limit skewing of the signal intensity distribution from hyperintense periventricular white matter voxels. The brainstem and cerebellum were excluded from this analysis. WMH volume was corrected for intracranial volume. The Fazekas scale for white matter lesions, a common clinical measurement, was scored on transversal FLAIR images [41] by two independent raters (SvR and JvdG) who were blinded to participant group, see Fig. 2 for representative examples in our sample.
Lacunar infarcts were defined as hyperintense lesions on T2-weighted images with corresponding hypointense lesions with a hyperintense rim on FLAIR, located in the basal ganglia, thalamus, internal or external capsule, or brain stem with a diameter < 20 mm and not compatible with clinical findings and scored blinded for group [51] .
The detection of hemorrhagic lesions (ICHs and MBs) was evaluated blinded for group on T 2 * -weighted images. ICHs were defined as parenchymal defects with evidence of hemosiderin in their wall. Microbleeds were defined as focal, nodular areas of signal loss in brain parenchyma on T 2 * -weighted gradient-echo images and were scored as previously described [52] .
Cognitive and neuropsychiatric function
For all participants level of education was assessed based on highest degree earned, such that 1 = less than high school, 2 = high school, 3 = associate's degree, 4 = bachelor's degree, 5 = master's degree, 6 = PhD or equivalent. As previous research shows an association between education and SCD, we included education as a regressor in all analyses [53] . At both test sites, the same neuropsychological test battery was administered to measure global cognitive functioning (MMSE [42] ), memory (Wechsler Memory Scale IV (WMS IV) [54] , and Rey Auditory Verbal Learning Test [55] ), language (verbal fluency) [56] , and executive function (Digit symbol of the Wechsler Adult Intelligence Scale (WAIS) III [57] , Stroop [58] , and Trail Making Test (TMT) [59] ). Cognitive scores on these measures were not age-normed. The WMS IV includes several indices assessing different memory functions, i.e., auditory memory, visual memory, visual working memory, immediate memory, and delayed memory. Proportional index scores were calculated for the WMS IV based on the raw scores, which retained age-related variance. For the Stoop and TMT, ratio scores were calculated to reflect measures of executive function independent of processing speed.
The Wechsler Abbreviated Scale of Intelligence II [60] was used to determine participant IQ for those recruited in Detroit, and the four corresponding subtests (block design, vocabulary, matrix reasoning and similarities) of the Dutch language version of the WAIS III [57] were used to assess the IQ of participants in the Netherlands. IQ scores were age-normed.
Self-report questionnaires to assess the amount of memory complaints (Memory Functioning Questionnaire (MFQ) [61] ), depressive symptomology (Geriatric Depression Scale (GDS) [62] , and Beck Depression Inventory (BDI) II [63] ), personality (Big Five Inventory [64] ), and handedness (Edinburgh Handedness Inventory [65] ) were also completed by participants at both test sites. Given that the frequency of forgetting (FOF) subscale of the MFQ has been shown to be a reliable marker for memory selfefficacy [66] , it was used to quantify the amount of memory complaints reported by each participant. To facilitate a more intuitive interpretation of the FOF subscale, scores were inverted so that higher scores would be indicative of more complaints as opposed to indicating no complaints. The mean response to items on the FOF subscale was calculated from the inverted scores.
Previous studies have demonstrated that depression [13, 67] and high neuroticism [68, 69] co-occur with SCD. Therefore, differences between those with and without SCD in subclinical depressive symptomology and personality characteristics were evaluated. The GDS contains a question that asks 14) "Do you feel you have more problems with memory than most?" Since this question may capture variance related to cognitive complaints without depression, comparisons between those with and without SCD on this measure were done both with and without inclusion of this question.
APOE genotype
DNA isolation from saliva was performed using the Qiagen EZ1 Advanced Nucleic Acid Purification System in conjunction with the EZ1 DNA Tissue Kit and the EZ1 DNA Tissue Card. The "High-throughput DNA purification with the Qiagen BioRobot™ EZ1", (http://www.dnagenotek.com/ US/pdf/MK-AN-006.pdf) an in-house validated procedure, was followed. APOE single nucleotide polymorphism (SNP) genotyping was performed for rs429358 and rs7412 using 5 l of Kapa Probe Fast ABI Prism 2x qPCR Master Mix, 1 l template DNA, 0.25 l of 20x TaqMan SNP Genotyping Assays (Applied Biosystems), and 1.25 l molecular grade water. A CEPH and an in-house control were run along with samples. Samples and controls were run on an Applied Biosystems Quantstudio 12K Flex Real-Time PCR Instrument using the following thermocycling protocol: 95 • C for 5 min and 40 cycles of 95 • C for 5 s and 60 • C for 30 s.
Statistics
Interobserver agreement κ values (including standard errors of the mean) were calculated for MTA and Fazekas scores. Consensus (with the readers still blinded to the diagnosis) was reached in all cases of disagreement. The grading of interobserver agreement was performed according to the recommendations of Landis and Koch [70] .
Independent sample t-tests were used to assess differences between groups for age, blood pressure, total IQ, MFQ scales, depression scales, personality scales, and neuropsychological tests (including subscales of the WMS IV). A Mann-Whitney U test was performed to assess differences between groups in education. Chi square tests were performed to assess differences between groups for sex, APOE genotype, and the ratio of participants in each group between test sites.
Because the number of microbleeds and lacunar infarcts were so sparse, we considered it irrelevant to assess the association between these MRI markers and presence/amount of memory complaints. Therefore, only prevalence in each group is reported. Furthermore, none of the participants showed ICHs, therefore these lesions were not considered for statistical analysis. The association between scale MRI markers (hippocampal volume and WMH volume) and presence of SCD/amount of memory complaints across all participants (FOF subscale of the MFQ) was examined using a linear regression analysis per MRI marker. These MRI markers were first checked for outliers. The association between ordinal MRI markers (MTA and Fazekas) and presence of SCD/amount of memory complaints across all participants (FOF subscale of the MFQ) was examined using ordinal regression analysis per MRI marker. Furthermore, we used a hierarchical logistic regression and linear regression, adjusted for age, sex, education and test-site, to explore which marker (hippocampal atrophy or WMH) was a stronger predictor for either SCD or amount of memory complaints. Analyses were performed for volumetric measurement and visual assessment separately.
Age, sex, education, and test-site were adjusted for in all analyses and significance levels for all statistical tests were corrected for multiple comparisons with Bonferroni correction where applicable. Bonferroni correction was determined per bold printed category in the tables (p < 0.05 / the number of measurements within each category). All statistical analyses were performed with SPSS (version 23; SPSS, Chicago, Ill).
RESULTS
Demographic, neuropsychiatric, and cognitive characteristics
See Table 1 for demographic, neuropsychiatric, and cognitive characteristics. There was no difference in the ratio of participants in each group between test sites and the groups showed no significant differences in age, sex, blood pressure, IQ, and education. As expected, we found more complaints reported on the FOF subscale of the MFQ by adults with SCD than by those without SCD. Furthermore, the groups did not differ in depressive symptomology according to the GDS (with and without Q14) and BDI II scores. No group differences were observed for neuroticism or consciousness, as measured by the Big Five Inventory. No significant difference in the proportion of APOE 4 carriers between groups was found; 48% (12/25) of the participants with SCD were APOE 4 carriers whereas 28% (11/40) of those without SCD were 4-carriers. We found no significant differences in cognitive function between groups, see Table 1 . 2.4 ± 0.9 42.9 ± 0.8 0.569
Independent sample t-tests were used to assess differences between groups for age, blood pressure, total IQ, MFQ scales (inverted and averaged scores), depression scales, personality measures and neuropsychological tests. Mann-Whitney U test was performed to assess differences between groups in education. Chi square tests were performed to assess differences between groups for sex, APOE genotype, and the ratio of participants in each group between test sites. Significant p-values in bold after Bonferroni correction (significant p-values per category set at memory functioning questionnaire p < (0.05/4=) 0.0125, depression p < (0.05/3=) 0.016, personality measures p < (0.05/5=) 0.01, cognitive functioning p < (0.05/11=) 0.005). 
Neuroimaging and subjective cognitive decline
The κ value for interobserver agreement was substantial for MTA score (κ = 0.730 ± 0.106, [standard error of mean], p < 0.001), and almost perfect for Fazekas score (κ=0.823 ± 0.104, p < 0.001). Table 2 shows the results of the relationship between AD and SVD MRI markers and presence of SCD as assessed by a linear/ordinal regression analysis per MRI marker, adjusted for age, sex, education, and test-site. As expected, SCD was a significant predictor of medial temporal lobe atrophy, as measured with the MTA scale, (χ 2 = 5.395, p = 0.020, see Fig. 1 ), such that those with SCD were more likely to have higher scores on the MTA scale than those without. However, there was not a significant effect of SCD status on volumetric measurements of the hippocampus (␤=0.117, p = 0.229). Furthermore, we found a significant effect of SCD status on WMH volume (␤=-0.283, p = 0.024), suggesting larger WMH volumes in adults with SCD. We also found that the presence of SCD was a significant predictor of WMHs, as measured by Fazekas score (χ 2 =5.274, p = 0.022), such that those with SCD were more likely to have higher Fazekas scores indicating more severe WMHs than those without SCD, see Fig. 2 . The prevalence of microbleeds was 16% (3/19) for adults with SCD and 6% (2/36) for those without SCD. The prevalence of lacunar infarcts was 12% (3/25) for adults with SCD and 10% (4/42) for those without SCD.
Exploration of which MRI marker was the strongest contributor to presence of SCD, demonstrated that for the visual measurement both MTA alone (χ 2 =5.473, p = 0.019) as well as MTA (χ 2 =4.135, p = 0.042) and Fazekas (χ 2 =4.025, p = 0.045) significantly contributed to the model. The volumetric measurements showed no significant results.
Neuroimaging and amount of memory complaints
Because most of our participants reported some level of memory complaints, regardless of whether they experienced these as worrisome or not, we were also interested in the association between amount of memory complaints (as measured by the FOF scale of the MFQ) and our AD and SVD MRI markers across all participants. MTA score and hippocampal volume were not significantly associated with amount of memory complaints. The amount of memory complaints was significantly associated with the amount of WMHs as measured using the Fazekas scale (χ 2 =7.227, p = 0.007) and with WMH volume in all participants (∂=-0.277, p = 0.025), indicating that larger WMH volume was related to more memory complaints. Exploration of which MRI marker is the strongest contributor to the amount of memory complaints, hierarchical linear regression of amount of memory complaints for the visual measurements shows a significant contribution of MTA alone (∂=-0.323, p = 0.031), however when Fazekas score is also entered in the model only Fazekas shows a significant contribution to amount of memory complaints (∂=-0.359, p = 0.007) and MTA is not significant anymore. For the volumetric measurements, hippocampal volume shows no significant contribution, and WMH volume demonstrates a significant contribution to amount of memory complaints (∂=-0.277, p = 0.029).
DISCUSSION
Our findings show that in addition to hippocampal atrophy, a common marker of AD, larger volumes of WMHs, a marker of vascular dementia, are also related to SCD. Furthermore, WMHs were associated with the amount of memory complaints reported across all participants. These findings were independent of objective cognitive function, depressive symptoms, personality traits, and APOE genotype.
An association between the presence of SCD and hippocampal atrophy has been demonstrated in earlier research [6, 9] . However, in our study only the visual rating using the MTA scale demonstrated this association, and not the hippocampal volume measurement. Our results therefore suggest that visual rating using the MTA scale may be more sensitive to detecting early AD-related hippocampal atrophy than automated volume measurements. A possible explanation for the lack of correspondence between measures could lie in the observed over-estimation, and age bias, of automated hippocampal demarcation tools compared to manual segmentation [71] . Nevertheless, previous studies show mixed results with some suggesting that automated volumetry measurements are less sensitive [37] [38] [39] , equally sensitive [32] [33] [34] [35] [36] , or more sensitive [30, 31] than visual assessment. Regardless of the measurement approach, overall the literature suggests a consistent association between hippocampal volume/atrophy and possible early phase AD.
Our data suggest that late middle-aged to older adults with SCD have greater WMH volume compared to those without concerns about their cognitive functioning. Visual rating using the Fazekas scale showed the same pattern of results and was also associated with the amount of memory complaints reported across all participants on the FOF subscale of the MFQ. These findings regarding WMHs are in line with an earlier study showing that older adults with SCD and severe WMHs had a higher risk of clinical progression to dementia than those without WMHs [27] . Our results indicate that in addition to typical AD markers (hippocampal atrophy), SVD markers are also present in possible early phase AD. In line with previous research, these findings suggest that the vascular component might indeed be dysregulated and that mixed disease may already be present in very early stages of dementia [24] , i.e., in late middle-aged to older adults with SCD.
In addition to these findings, we have demonstrated that the strongest predictor of amount of memory complaints when comparing atrophy and SVD measures is SVD. Both the visual assessment of WMHs via Fazekas score and the volumetric assessment of WMH volume were stronger predictors for the amount of reported memory complaints than scores on the MTA scale or hippocampal volume. This implies that vascular damage might be one of the earliest markers of SCD. This is in line with recent research showing that vascular dysregulation might be the earliest pathological event in AD assuming that SCD is an early stage of AD [24] . Vascular damage is currently established as a serious comorbidity in AD and its early stages, and having an independent effect on cognition [18] [19] [20] [21] . Even presumed early stages of AD (SCD and MCI) [6, 9, 23] might already show abnormal vascular reactivity [24] .
We also assessed other SVD markers, such as microbleeds and lacunar infarcts, but because of overall low prevalence we did not statistically assess between-group differences. Still, the occurrence of microbleeds in participants with SCD (16%) seemed higher compared to those without SCD (6%). Studies in older adults with SCD on microbleeds are sparse. In a study on microbleeds performed using a 1.0T MRI scanner in a memory clinic setting, the prevalence of microbleeds in participants with SCD was 10%, which is somewhat lower than the 16% found in our participants with SCD [28] . However, these numbers are difficult to compare as MRI methods and field strength can greatly influence the number of detected microbleeds [52] . Our study is limited by a relatively smaller sample size; future studies with larger study samples are needed to assess the association between microbleeds, lacunar infarcts, and SCD.
Other tentative differences between participants with and without SCD did not reach significance but may be worth mentioning. We observed a trend-level effect of SCD on the visual working memory index of the WMS IV, suggesting that participants with SCD performed worse than those without SCD. Working memory deficits have previously been associated with early AD [72] , therefore this measure could prove sensitive to detect early cognitive changes in SCD. Also, the prevalence of APOE 4 genotype, an important known risk factor for AD [73] , appeared slightly higher in participants with SCD compared to those without. Lastly, we found a trend towards more subclinical depressive symptoms in those with SCD compared to those without, an association that has been observed by earlier research [12, 13] . Even though we find these tentative associations potentially of interest, longitudinal research and a larger sample size are needed to elucidate the association between these measures and early phase AD.
Conclusions
Our results indicate that SCD is related to more hippocampal atrophy and greater WMHs in healthy middle-aged to older adults, independent of objective cognitive function, depressive symptoms, personality traits, and APOE genotype. Furthermore, WMHs were a stronger predictor for the amount of reported memory complaints than hippocampal atrophy. WMHs are a prominent marker for SVD, which appears to be an important factor contributing to SCD. Our results warrant further research to elucidate the role of SVD in middle-aged to older adults with SCD and possible subsequent cognitive decline.
